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ABSTRACT
The Colville Tribes identified the need for collecting baseline census data on the timing and abundance of juvenile salmonids in the Okanogan River basin for the purpose of documenting local fish populations, augmenting existing fishery data and assessing natural production trends of salmonids. This report documents and assesses the pilot year of rotary trap capture of salmonid smolts on the Okanogan River. Of the trapped Chinook, all fry were wild origin and all but five of the smolts were hatchery-reared. All trapped sockeye were wild origin and 88% of the steelhead smolts were hatchery-reared.
Mark-recapture experiments were conducted using Chinook fry and hatchery-reared steelhead smolts (sockeye were not used in 2006 because the peak of the juvenile migration occurred prior to the onset of the mark-recapture experiments). A total of 930 chinook fry were marked and released across eight separate release dates (numbers of marked Chinook fry released per day ranged from 34 to 290 fish). A total of 11 chinook fry were recaptured for an overall trap efficiency of 1.18%. A total of 710 hatcheryreared steelhead were marked and released across three separate release dates (numbers of steelhead released per day ranged from 100 to 500 fish). A total of 12 steelhead were recaptured for an overall trap efficiency of 1.69%.
A pooled Peterson estimator with a Chapman modification was used to produce population estimates for wild Chinook fry and hatchery-reared steelhead based on the results of the mark-recapture experiments. The 2006 populations for Chinook and steelhead were estimated to be 381,554 (95% confidence intervals: 175,731 -587,377) and 14,164 (6,999 -21,330) , respectively. The population estimates were based on the periods in which mark-recapture experiments were initialized through the end of the trapping season (10 May for steelhead and 1 June for Chinook).
INTRODUCTION Background
Salmon recovery within the Columbia River Basin has become a focal point in the Pacific Northwest region. Substantial amounts of time, effort and funding have been spent improving fish passage conditions, augmenting flows, enhancing and restoring critical habitats, reducing sport and commercial harvests, regulating power generation and providing spill at the hydroelectric dams, and promoting hatchery supplementation of depressed salmon stocks. The Colville Tribes are actively participating in a recovery program for salmonids in the Okanogan River Basin which include recent inventories of habitat condition and water quality, removal of fish migration barriers, and the collection and rearing of locally-adapted steelhead broodstock. Despite these efforts, many salmon populations continue to decline. Currently, there is limited quantitative information available to determine juvenile salmonid production of anadromous fish in the Okanogan River sub-basin or associated tributary streams.
Okanogan River steelhead, (Oncorhynchus mykiss) were listed as endangered under the U.S. Endangered Species Act (ESA) (NOAA 1997) and were upgraded to threatened in 2006. The combined five-year escapement average for the Methow and Okanogan Rivers from 1989 to 1993 was estimated at approximately 2,400 fish; 450 of which were from natural production. This population is estimated to be declining at 12% per year (NOAA 1997).
Summer/Fall Chinook salmon (O. tshawytscha) spawn in the Okanogan River Basin but currently are not listed as either threatened or endangered. As of 1998, these fish were classified as having a population of approximately 1,500 with the population increasing at 1%-5% per year (NOAA 1998 The smolt trapping operations in the Okanogan River will allow for the investigation of natural production and productivity by deriving annual population estimates, egg-toemigrant survival, and emigrant to adult survival rates for anadromous salmonids. These data will be used to evaluate the effects of supplementation programs in the Okanogan River Basin and provide information regarding spawner-recruit relationships, and inform summer spill activities at downstream hydroelectric projects.
Objectives
The primary objective of this monitoring program was collecting usable data for determining the status and trends of anadromous salmonids in the Okanogan Basin, with emphasis focused on summer Chinook and steelhead. The focus of this first year of monitoring juvenile salmonid production was obtaining population estimates for Chinook and steelhead juvenile outmigrants in the Okanogan River using rotary screw trap catch data and mark and recapture techniques.
METHODS AND MATERIALS
Study Site Location
The United States portion of the Okanogan River is a 74 mile, low gradient waterbody draining a series of natural lakes located in Canada ( Figure 1 ). River discharges are tightly regulated in order to maintain lake heights and supply irrigation water. The elevation of Lake Osoyoos, which straddles the international border, is controlled at the outlet by Zosel Dam, located approximately five miles south of the US/Canada border. Roughly a third of the riverine habitat currently accessible to anadromous fish in the Okanogan River basin is found above this point. Inflow into Lake Osoyoos comes from natural runoff and controlled water releases from a chain-of-lakes originating from Okanagan Lake located near Kelowna, British Columbia, Canada. The Okanogan River flows in a southerly direction from Zosel Dam and is joined by the Similkameen River south of Oroville, Washington. The Okanogan River then flows south from Oroville and joins the Columbia River above Wells Dam, near Brewster, Washington.
Environmental Parameters
Flow and water temperature data for the Okanogan River in 2006 were accessed via the Internet from the USGS web site (URL: http://waterdata.usgs.gov/wa/nwis/) for the USGS gauge 12447200: the Okanogan River at Malott, WA, located at river mile 17.0. 
Screw Traps
Operating procedures for the 2006 study were adapted from Volkhardt and Seiler (2005) and Murdoch et al. (2000) as incorporated into a standardized basin-wide monitoring plan developed by the Upper Columbia Regional Technical Team for the Upper Columbia Salmon Recovery Board (Hillman 2004) . Procedural details and protocols for rotary screw trap investigations in the Okanogan River are presented in the OBMEP field manual (Rayton and Wagner 2006) . Daily protocols for operation of the rotary screw traps were carefully followed (Appendix A).
Selecting an appropriate site for placement of a rotary screw trap required the identification of factors affecting data capture. These included locations of current and historic runs of target fish, acceptable hydraulic conditions for solid placement of trap equipment, and the ease of access for installation, monitoring, and maintenance.
Two rotary screw traps (cone diameters of 5-and 8-ft) were initially deployed on the Okanogan River at the Highway 20 Bridge in Okanogan, Washington ( Figure 1 ) to estimate juvenile salmonid production. This site was conducive for locating the traps because:
• The relatively low location in the basin was below the confluences of the most productive tributary streams; • The proximity of the trap site to the Colville Tribe's Omak Fish & Wildlife office;
• The Highway 20 Bridge presented an ideal location for anchoring rotary traps;
• The proximity of a public fishing area for crew and vehicle access;
• The availability of a fenced area at the nearby wastewater treatment plant for secure equipment storage; and • The proximity of the USGS gauging station at Malott to infer water temperature, discharge, and gauge height at the trap site.
A single trap was placed in the main channel when flow conditions did not exceed 4,500 cfs (Position 1; Figure 2 ). When flows exceeded 4,500 cfs, traps were placed in both the main channel and in a secondary flow tongue near the west shore (Position 2; Figure 3 ). Traps in both positions could be deployed, retrieved, secured, accessed, and fished in a safe manner. Each permit carries with it various stipulations for trap deployment. Several contain language requiring periodic reporting of operations and data while others need only be kept appraised of the continuation of trapping efforts from year to year.
Of utmost concern to us was a stipulation in the NOAA Section 10 Permit which stated that "Steelhead may not be handled if water temperature exceeds 21 °C (69.8 °F)."
Fish Trapping
Traps deployed in Position 1 were fished only at night and at the edge of the main current. Fishing directly in the main channel during high flows was to be avoided as this exposure would have resulted in very high trap RPMs and the potential for significant debris impact damage.
The 8-ft trap was not equipped with a self-cleaning drum screen for the live well. The resulting accumulation of coarse particulate organic matter (CPOM) necessitated crews being on site to clear the live well. The crew checked the Position 1 trap for fish at least once every two hours, or when the cone jammed due to debris loading.
The 5-ft trap deployed in Position 2 was equipped with a self-cleaning drum screen and was located outside of the main channel and thus not subjected to the "debris train" that was inherent to Position 1. Fish in the Position 2 trap were sampled a minimum of twice per day.
All technicians involved with processing trapped fish were trained in juvenile salmonid identification (Pollard et al 1997) and accurate data collection and recording techniques. Technicians removed the fish from the live well with 16" x 9" dip nets (3/16" mesh) and placed them into large buckets. Care was taken to not overcrowd the fish. The fish were then processed by using small aquarium nets, without the use of anesthetic, to identify them to species and check for adipose fins. Fish sampled in this way were then immediately returned to the river over the edge of the trap after recording the data on the field data sheet. The data sheet included information on species, life history stage, presence of fin clips, total counts of live fish and the number of mortalities (Appendix B). Steelhead smolts were also checked for PIT tags when the PIT tag reader was on site and operational. Fork length was measured from a sub sample of the captured fish. Fish measured or photographed were anesthetized in an MS-222 bath, processed and returned to the river after full recovery.
Trap Efficiency
The mark and recapture of juvenile salmonids provided estimates of the total number of fish passing the trap site. Valid mark recapture estimation requires the following assumptions to be true concerning trap efficiency trials:
1) All marked fish passed the trap or were captured during time period i;
2) The probability of capturing a marked or unmarked fish is equal; 3) All marked fish recaptured were identified; and 4) Marks were not lost between the time of release and recapture.
A sub sample of fish was marked with Bismarck Brown dye and used for trap efficiency trials. These fish were not anesthetized but were allowed to fully recover before being released about 1 km upstream of the traps at the Salmon Creek boat launch. Marked fish were transported to the release site by truck in plastic tubs equipped with portable aquarium-type aeration stones. Recaptures of these marked fish were used to generate an estimation of trap efficiency by using the following formula (Murdoch and Pevan 2005) :
E p is the pooled trap efficiency across the emigration season, ∑ M is the sum of the number of marked fish released during the sampling period, and ∑ R is the sum of the number of marked fish recaptured during the sampling season.
Pooled trap efficiency rates (E p ) were calculated for each species and life history stage throughout the season. Trap efficiency trials were conducted beginning mid-season and lasted until the end of the smolt emigration period. Hatchery steelhead smolts raised at the Cassimer Bar hatchery were used at the outset to estimate trap efficiency for hatchery-reared steelhead. Wild steelhead smolts collected at the trap site were not used for trap efficiency trials due to their low abundance. Year 0 Chinook smolts collected from the traps, marked and released upstream, were used to estimate total trap efficiency of Chinook due to their abundance. Efficiency rates were not determined for sockeye smolts because the peak of the run occurred prior to implementation of the trap efficiency trials.
Production Estimation
The Stratified Population Analysis System (SPAS) software (Arnason et al. 1996) was used to generate mark-recapture estimates and 95% confidence intervals for wild Chinook fry and hatchery-reared steelhead. The approximately unbiased estimate of the population size using a pooled Peterson estimator with a Chapman modification (Chapman 1954; Seber 1982) includes the following statistics: An approximately unbiased estimate of the variance of the population is:
The standard error can be calculated as follows:
Standard Error = Square root of Variance of N
RESULTS
Environmental Parameters
The Okanogan River discharge pattern throughout the fish trap sampling period of 2006 was characterized initially by flows less than 2,000 cfs before a gradual increase in flows through most of May (Figure 4) . A sharp increase to a peak flow of 17,600 cfs occurred on 22 May. Generally high flows of between 12,800 and 11,200 cfs were sustained through the first half of June before discharge steadily decreased throughout the remainder of the sampling period. Mean daily water temperature in the Okanogan River had an inverse pattern relative to daily discharge for a majority of the sampling season ( Figure 4 ). In general, as discharge increased water temperature decreased and as discharge decreased water temperature was observed to increase. Water temperatures steadily increased through late June, and peaked on 27 July at 27.7 o C.
Trap Operations
The 8-ft trap was in operation from 14 March through 8 June ( Figure 5 ) and the 5-ft trap was in operation from 22 April through 11 July ( Figure 6 ). A second 5-ft trap was deployed and fished simultaneously with the first 5-ft trap during the latter part of June. The 8-ft trap was fished in positions 1 and 2 for 414 and 27.5 hours, respectively. The 8-ft trap was typically fished in positions 1 and 2 from 8 pm to 6 am Sunday through Thursday. However, for some days in March and April, the 8-ft trap was fished up to 24 hours per day. The 5-ft traps were fished in positions 1 and 2 for 162.25 and 721.5 hours, respectively. The 5-ft trap in position 1 was generally fished from 8 pm to 6 am Sunday through Thursday, and in position 2 the smaller trap was fished 24 hours per day.
Enumeration of Juvenile Salmonids in the Okanogan Basin Using Rotary Screw Traps
Fish Trapping
Chinook Chinook salmon were the most abundant species of fish trapped in 2006. The Chinook fry catch totaled 10,682 fish and the Chinook smolt catch totaled 2,024 (Tables 1 and 2 , Figure 7) . No fry were adipose-fin-clipped and all but five of the smolts were adiposefin-clipped. Almost 78% of the Chinook fry were caught in the 5-ft trap while 78% of Chinook smolts were caught in the 8-ft trap. The overall mortality for Chinook fry was 9.5%, with a peak mortality event occurring on 18 May when 225 fry were found dead in the 8-ft trap (Table 1 ). Over 85% of the Chinook smolt mortality occurred in the 8-ft trap. Total Chinook smolt mortality was 32.7%, largely due to a high mortality event occurring on 21 April when 614 smolts were found dead in the 8-ft trap (Table 2 ). Less than 1% of smolt mortalities occurred in the 5-ft trap. Catch per effort for Chinook fry across the combinations of trap size and trap position ranged from 4.4 (8-ft trap, position 1) to 20.5 fish / hour (8-ft trap, position 2; Table 3 ). Catch per effort for hatchery-reared smolts ranged from 0.02 (5-ft trap, position 2) to 3.8 fish / hour (8-ft trap, position 1; Table 3 ). This corresponds to fish releases from the WDFW Similkameen rearing ponds and the Colville Tribes' St. Mary's and Bonaparte rearing and acclimation ponds. Few Chinook smolts were caught after 17 May. Chinook fry were first seen in the traps on 27 March but the fry emigration period did not get underway in earnest until the second week in May when counts exceeded several hundred per day. The peak daily count for fry occurred on 18 May when 888 were caught in the traps. The fry migration was multimodal with distinct peaks apparent in early and mid-May, early June, and late June/early July. Figure 8 ). None of the trapped sockeye were observed to have adipose clips. The 8-ft trap caught 78% of all sockeye parr and 96% of all smolts observed. The overall trapping mortality for sockeye parr was 5.9% (Table 4) , the result of a single mortality event on 20 April when 12 dead parr were counted in the 8-ft trap. The trapping mortality for sockeye smolts was 7.3%, due in large part to several mortality events that occurred in mid-May when between 43 and 71 fish were found dead per day (Table 5) . Over 97% of all smolt mortalities occurred in the 8-ft trap. Catch per unit effort for sockeye parr and smolts were highest with the 8-ft trap in position 1 (Table 3) .
Daily trapping run timing indicates that the majority of the sockeye migration was more condensed in time relative to what was observed for Chinook (Tables 4 and 5 , Figures 7 and 8). Daily counts for both sockeye parr and sockeye smolts peaked on 9 May with counts of 117 and 1,296, respectively. Over 90% of the sockeye counts were reported during the second two weeks in May. Figure 9 ). Of the steelhead smolts, 88% were adipose-clipped as hatchery fish. Trapping mortality was low for smolts, as only two fish (0.6%) were found dead in the 8-ft trap. The lone steelhead fry was a mortality found in the 5-ft trap. Catch per effort for steelhead smolts was highest in the 8-ft trap in position 1 (Table 3) as over 97% of all trapped smolts were caught in that trap.
Steelhead smolts were first caught in the traps on 20 April and the last ones were caught on 30 June (Table 6 , Figure 9 ). Despite the range of time in which smolts were trapped, the majority of the steelhead run timing occurred in mid-May with a single primary mode of passage. Daily counts peaked on 11 May when 94 smolts were counted in the traps. 
Non-Target Fish
Fifteen non-target fish species and several other unidentified species were caught in the rotary screw traps in 2006 (Table 7) . Non-target fish totaled 3,275 individuals, with mountain whitefish (1, 825) and carp (661) being the most abundant species.
Effects of Flow on Catches
Examination of catch data relative to daily Okanogan River flows indicates that peak catches of Chinook fry and smolt, sockeye smolt and parr, and steelhead smolt all occurred prior to the peak flows observed in the latter part of May (Figures 7 -9 ). During the period in which flows decreased after the peak, Chinook fry were still being caught in considerable numbers, but few sockeye or steelhead were observed. 
Marked Fish Releases
A total of 710 hatchery steelhead smolts were marked and released across three release dates in May of 2006 (Table 8 ). Steelhead releases numbered between 100 and 500 fish. A total of 930 young-of-the-year (YOY) wild Chinook fry were marked and released across eight release dates from 31 May through 29 June (Table 8) . Chinook releases numbered between 34 and 290 fish. 
Fish Recaptures and Trap Efficiency
Trap efficiency estimates of hatchery-reared steelhead per release group ranged from 1.2 to 3.0%, with overall trap efficiency for steelhead estimated at 1.7% (Table 9 ). The discharge in the Okanogan River during the days in which marked steelhead were recaptured ranged from 5,720 to 16,200 cfs and trap efficiency was observed to decrease with increasing flows across the three steelhead releases. For wild Chinook fry, efficiency estimates ranged from 0.0 to 3.3% across the eight release groups, with overall efficiency estimated at 1.2% (Table 9 ). The discharge during the days in which marked Chinook were recaptured ranged from 5,560 to 11,700 cfs. Based on the combination of trap size and trap position, efficiency estimates ranged from 0.4 to 1.0% for steelhead and 0.2 to 0.5% for Chinook (Table 10) .
Population Estimates
The population estimates for hatchery-reared steelhead and wild Chinook based on the mark and recapture experiments in 2006 were 14,164 and 381,554 fish, respectively (Table 11 ). The population estimates are based on catch data collected during the period after which the trap efficiency trials began (1 June through 11 July for Chinook and 10 May through 26 June for steelhead). The population estimate for steelhead included only the catch data for hatchery-reared fish. 
DISCUSSION Population Estimates
The population estimates reported here for wild Chinook fry and hatchery steelhead (Table 11) should be viewed cautiously as the timing of efficiency trials, and rotary screw trap operations were not consistent through the sampling period. The initial trap efficiency trials for steelhead were conducted on 9 and 10 May (Table 9) , a point in time in which 12% of the migrating hatchery steelhead had already been trapped. As a result, the population estimate for hatchery steelhead could only be generated for the portion of the migration passing the trap after 9 May since the probability of trapping fish prior to 10 May is unknown (the assumption that the probability of capturing a marked or unmarked fish is equal during the period prior to 10 May is invalid since there were no marked and released fish during that time period). Similarly, trap efficiency trials for wild Chinook fry were not initially conducted until 1 June, a date in which 54% of the Chinook fry had already been trapped ( Figure 7) . As with steelhead, the Chinook population estimate could only be generated for the portion of the migration that passed the trap after the efficiency trials began. As a consequence, the Chinook population estimate, and to a lesser extent the steelhead population estimate, underestimate actual production of these species.
Also confounding the validity of the population estimates was the small number of efficiency trials conducted across a combination of trap sizes and trap positions. Steelhead efficiency trials were based on only three separate releases and steelhead recaptures occurred in the 5-ft trap in position 2, and in the 8-ft trap in positions 1 and 2 (Table 9 ). Chinook efficiency trials were based on eight releases and recaptures occurred in the 5-ft trap in positions 1 and 2, and in the 8-ft trap in position 2 (Table 9) . Although combination trap-size and position-specific efficiency estimates were calculated (Table  10) , production estimates were not produced for each trap size / position combination given the small sample sizes. Despite the variation in catch probabilities associated with the trap size / trap position conditions, the pooled Peterson estimator was used to estimate overall production. Ideally, given a large enough sample size for efficiency trials, trap size and position specific efficiencies, a reliable mark recapture estimate could be generated. If the trap efficiency estimates differed significantly by trap size or position, a more accurate population estimate could be produced by further stratifying the mark recapture estimates.
The effect of discharge on production estimation is another caveat that should be acknowledged when considering the trap efficiency and population estimates reported here. The mark-recapture efficiency trials for hatchery steelhead and wild Chinook fry were conducted across a wide range of Okanogan River flows (5,720 to 16,200 cfs for steelhead and 5,560 to 11,700 cfs for Chinook; Table 9 ). The population estimates derived by using the modified Peterson pooled model distills the inherent differences in catch probabilities across the range of flows, resulting in likely biased production estimates (bias would occur if the pooled efficiency estimate was not representative of the pooled flow across the migration). Given increased sample sizes for efficiency trials during discreet time periods, more accurate population estimates could be produced that account for differential catch probabilities associated with variable river flow. Although sample sizes were too low in 2006 to generate discharge specific productions estimates, the effect of variable discharge on trap efficiency was apparent for steelhead across the three releases: trap efficiency was observed to decrease with increasing flow (Table 9 ).
Despite the first-year pilot nature of this effort, the 2006 rotary screw trap monitoring in the Okanogan River was successful in that methodologies for trap deployment and operation were developed and valuable experiences were gained in the process. Lessons learned in 2006 will lead to more rigorous mark-recapture efforts and more accurate smolt production estimates in future years.
RECOMMENDATIONS
Based on the efforts and results from this study, we offer the following recommendations to further enhance the effectiveness and reliability of continued assessment of smolt production with rotary trapping in the Okanogan River Basin. Following these recommendations would allow for refined efforts to determine accurate population estimates for juvenile salmonids in the Basin.
Purchase and Use of an 8-ft Trap Equipped with a Self-Cleaning Drum Screen
The most significant cause of mortality in captured fish was the use of an antiquated "California style" screw trap. Constructed in 1993, the 8-ft trap used in the 2006 sampling season was not equipped with a self-cleaning drum screen for small debris removal from the live well. Furthermore, the discharge end of the cone was located approximately 12" above the water level of the live well. Debris accumulating in the live well created a floating mat on the surface of the water that was impenetrable to captured fish. Fish trapped after the formation of this debris mat suffocated and led to the high mortality rate. Therefore, in order to reduce mortality of captured fish we recommend the purchase and use of a new 8-ft trap with self-cleaning drum screen for the 2007 trapping season.
Early Initiation of Mark-Recapture Efforts
One of the largest limitations in the 2006 juvenile salmonid production monitoring and the resulting population estimates was the timing in which mark-recapture experiments were conducted. Initial mark-recapture efforts did not occur until 9 and 10 May for steelhead and 1 June for Chinook. This was especially problematic with Chinook since the catch data indicates that over half the total number of trapped Chinook was observed prior to the onset of the trap efficiency trials ( Figure 9 ). As discussed above, the consequence of delaying the mark-recapture effort is that those fish trapped early on cannot be included in the population estimate since the assumption of equal probability of capture of marked and unmarked fish is violated. Therefore, in order to obtain more accurate estimates of population levels we recommend initializing mark-recapture efforts for key species at the earliest possible date within the migration period.
Establish Consistent Trap Operations
Ideally, screw traps would be deployed in position and maintained in that position for the duration of the monitoring period. This would simplify data analysis by eliminating the need for stratifying production estimates based on trap position. However, if increased discharge conditions prevent consistent trap operation as in 2006, then inconsistent trap positioning cannot be avoided. Whether traps are moved during the monitoring period or not, we recommend consistent trap operation with regards to hours fished and data collected on a daily basis. Frequent and consistent data collection will minimize the time in which fish are held in the traps and likely result in lower rates of mortality than were seen in 2006.
Increased Frequency of Mark-Recapture Efforts
To better reflect variable discharge and screw trap operational effects on trap efficiency and population estimates, we recommend mark-recapture trials be conducted more frequently than what was done in 2006. We suggest trials be conducted at least once every five days. In this way, trap efficiency estimates could be obtained more frequently across changes in flow and combinations of trap size and position, allowing for stratification of production estimates by flow or trap size and position if trap efficiency estimates differ significantly among flow or trap configurations. More frequent and numerous releases would also increase confidence in the pooled population estimate.
Implement Different Marking Strategy
Increased frequency of mark-recapture efforts would necessitate a different fish marking strategy than used in 2006 if accurate production estimates stratified by flow or trap configuration are to be obtained. We recommend the use of a variety of different colored dyes or visible implant elastomer tags (or non-debilitating fin clips) in order to differentiate among marked fish released among different time periods, a technique successfully used in rotary screw trap mark-recapture investigations of juvenile salmonids on the Coldwater and Alouette rivers, British Columbia (Humble et al. 2006; Murray et al. 2006; Mathews et al. 2007) . We suggest using a stratified design with three different dyes used in alternating five-day blocks (e.g., day 1 -5 brown dye; day 6-10 red dye; day 11-15 green dye). By using this marking strategy, bias associated with delayed migration and consequent trapping of individual fish marked and released during prior time periods should be minimized. If the same mark was used throughout the migration season, as was done in 2006, then the bias associated with recapturing marked fish from prior time periods would be unknown.
